P ediatric diaphyseal femur fractures account for 1.4% to 1.7% of all pediatric fractures. 1, 2 The annual rate of children who present with femoral shaft fractures is estimated at 19 per 100,000. 3 Treatment of pediatric femoral fractures is dictated by multiple factors, including patient age, comorbid conditions, and fracture location and characteristics. Historically, treatment of fractures in children younger than 1 year of age included prolonged bed rest, splints, skin or skeletal traction, and immediate or delayed spica casting. 4 Treatment of femur fractures in patients younger than 1 year of age with the Pavlik harness was originally described by Stannard et al 5 in 1995. Current clinical practice guidelines from the American Academy of Orthopaedic Surgeons for treatment of pediatric femur fractures include spica casting or treatment in a Pavlik harness in patients 6 months of age and younger. 6 The use of the Pavlik harness has been described as treatment for femoral fractures in infants; however, previous reports have included only short-term followup. 5, 7, 8 It is commonly felt that pediatric patients have significant potential for remodeling of angulation and limb-length inequality over time. However, no previous studies have examined longer term clinical and radiographic results: specifically, fracture angulation, rotation, and limb-length discrepancy. This study describes the clinical and radiographic results of patients younger than 6 months of age treated with a Pavlik harness for femur fracture. Our hypothesis was that patients treated with Pavlik harness for femur fracture would have excellent clinical and radiographic outcomes.
METHODS
The clinical and radiographic records were reviewed for all children under the age of 6 months who were treated for an isolated femoral shaft fracture at a level 1 pediatric trauma center between December 2003 and December 2009 with a Pavlik harness. Exclusion criteria included polytrauma, history of neuromuscular disease, and lack of complete medical records.
Patients were evaluated in the emergency department by the orthopaedic surgical service. In cases of suspected nonaccidental trauma (NAT), referral was made to the pediatric social service team and a skeletal survey was obtained. Temporary splint immobilization was placed until conversion to the Pavlik harness. The affected limb was placed in 80 to 90 degrees of flexion and abducted no more than 50 degrees in the Pavlik harness. Parents and caregivers were instructed to keep a pillow under the affected leg to prevent the leg from falling into abduction as well as for comfort. Patients were discharged from the hospital after any necessary social work evaluation was completed. Patients were typically seen in the orthopaedic fracture clinic at 1, 2, 6 weeks, and 3 months postinjury. The Pavlik harness was adjusted in the clinic as necessary. Radiographs, consisting of anteroposterior (AP) and lateral views, were obtained at each visit. Clinical examination and inquiry regarding problems of Pavlik harness treatment were also completed at each visit. Pavlik harness treatment was typically discontinued at 4 to 6 weeks postinjury after acceptable callus was noted on radiographs and the patient had no tenderness at the fracture site.
At final follow-up, radiographs consisting of AP and lateral femur views as well as a standing full-length AP scanogram were obtained. Clinical examination, noting any clinical deformity, gait pattern, and range of motion of the hips and knees, was completed and inquiry regarding patient activity limitations, complications of treatment, and overall parent/provider satisfaction was made.
RESULTS
Ten patients with 10 fractures met inclusion criteria. Demographic data are outlined in Table 1 . The average age of the patients at the time of injury was 2.2 months (range, 2.6 wk to 5.8 mo). The case series consisted of 9 males and 1 female. The average weight at the time of injury was 5.1 kg (range, 3.8 to 7.4 kg). The Pavlik harness was applied within 1 day of injury in all patients except 1, whose harness was applied on the second day after the injury. Forty percent of injuries were the result of documented NAT.
Seven fractures were spiral and 3 were transverse. Five were right femur fractures and 5 were of the left femur. No patient had bilateral fractures. The average duration of Pavlik harness treatment was 43 days (range, 31 to 54 d). The average age at final follow-up was 5.2 years (range, 2.6 to 7.3 y). The average time to final follow-up from injury was 5.0 years (range, 2.2 to 7.2 y).
Initial fracture angulation at the time of injury was 12 degrees varus (range, 0 to 30 degrees varus) and 9 degrees procurvatam (range, 0 to 26 degrees procurvatum; Table 2 ). Initial fracture shortening was 2 mm (range, 0 to 7 mm). At final follow-up, average angulation was 3 degrees valgus (range, 0 to 8 degrees valgus) and 5 degrees procurvatum (range, 0 to 24 degrees procurvatum). Sixty percent of patients (6/10) had no detectable angulation at final follow-up. Only 1 patient had a measurable leg-length discrepancy of 7 mm at final follow-up.
There were no complications noted. All parents/ providers reported satisfaction with Pavlik harness treatment. No patients were noted to have any activity limitations. On clinical examination, all patients were noted to have a full range of motion of the hip and knee compared with the contralateral limb. No patients had a discernible angular or rotational abnormality and no leglength discrepancy was noted on clinical examination. The foot progression angle of patients ranged from 5 to 15 degrees external. All patients were able to run, heelwalk, toe-walk, and perform single-limb jumps without difficulty.
DISCUSSION
Femur fractures represent the most common orthopaedic reason for inpatient hospitalization for pediatric trauma patients, accounting for 21.7% of patients in 1 study. 9 The same study noted that the length of stay and hospital charges for inpatient femur fractures is the highest among all extremity injuries. 9 Before 1995, treatment of these injuries in children younger than 1 year of age included prolonged bed rest, splints, skin or skeletal traction, and immediate or delayed spica casting. 4 Stannard et al 5 described the use of the Pavlik harness for pediatric femur fractures in 1995. This case series consisted of 14 patients (aged, birth to 18 mo) with 16 fractures. Of note, the 3 patients older than 4 months of age had osteogenesis imperfecta. All fractures healed within 5 weeks and there were no complications during treatment. Mean final follow-up was 20.1 months, and 11 of the fractures were followed for a minimum of 12 months. All fractures were noted to have "satisfactory alignment" and no patients had a leg-length discrepancy >1 cm at final follow-up. Podeszwa et al 8 reported a retrospective comparative series of Pavlik harness versus immediate spica casting in patients younger than 1 year of age. Twentyfour patients with 24 femur fractures were treated with Pavlik harness. The mean age was 3.6 months. All fractures healed without complication. The authors did not report a time to final follow-up; however, they did acknowledge a "very short average follow-up." Furthermore, they acknowledged that "residual leg-length discrepancy, femoral overgrowth, and rotational malalignment could not be evaluated." It should be noted that 38% of patients in the spica group developed skin complications.
The Pavlik harness was initially developed for the treatment of developmental dysplasia of the hip in infants younger than 6 months of age. 10 Benefits of the Pavlik harness in the treatment of femur fractures include ease of application, reduced inpatient hospitalization, ability to adjust the harness, minimal cost, and ease of nursing care and diapering. The alternative treatment in this age group, spica casting, presents additional risks; namely skin complications, though nerve palsies have also been reported. 11 DiFazio et al 12 reported a 28% rate of skin complications after 300 spica cast applications in 297 patients. Thirty-one percent of these patients required a cast change in the operating room, with an average additional cost of $12,719. Podeszwa et al 8 reported a 38% complication rate with immediate spica casting.
The reported incidence of NAT in pediatric femur fractures varies greatly in the literature. The incidence of NAT as an etiology has been reported as between 6% and 42%. 3, [13] [14] [15] Despite this wide range, the American Academy of Orthopaedic Surgeons has recommended that children younger than 36 months, with a diaphyseal femur fracture, be evaluated for child abuse. 6 In our case series, approximately 40% of patients were the victims of documented child abuse.
Limitations of the current study include the relatively few number of patients. This, however, represents the experience at 1 pediatric trauma center over 6 years and is similar to the 2 previous reports in the literature. Parent satisfaction was queried, but an objective assessment of pain was not possible. AP indicates anteroposterior.
FIGURE 1.
A, Anteroposterior and lateral radiographs of a 2.4-month-old male who sustained a midshaft femur fracture. He was treated in a Pavlik harness for 6 weeks. B, Lateral radiograph taken at age 17 months reveals significant procurvatum deformity. Radiographs taken at age 6 reveal remodeling but (C) residual valgus (8 degrees) and (D) procurvatum (24 degrees) angulation. The patient had no activity limitations and was asymptomatic.
Despite the paucity of long-term follow-up in published studies, the use of the Pavlik harness is recommended by the American Academy of Orthopaedic Surgeons for patients younger than 6 months of age. It is felt that pediatric patients have a significant potential for remodeling and that angulation at the time of fracture union will remodel over time. Our study supports this notion as the final angulation at follow-up averaged 3 degrees valgus and 5 degrees procurvatum. In the patient group presenting with >20 degrees of angulation at the time of injury, however, final angulation at follow-up averaged 5 degrees valgus and 11 degrees procurvatum. On the basis of these results, we feel that select patients should be seen by the orthopaedic provider after fracture union. Specifically, patients with >20 degrees of initial angulation at the time of fracture should be seen 1 to 2 years after injury to assess for clinical or radiographic deformity. These patients, despite tremendous remodeling potential, may have persistent mild radiographic deformity (Fig. 1) . Consideration should be given to following these patients until acceptable deformity resolution as significant angulation or limb-length discrepancy could be managed with guided growth or epiphysiodesis.
In conclusion, this study presents the longest followup of patients younger than 6 months of age treated with the Pavlik harness. Treatment with the Pavlik harness provides for excellent clinical outcome in this patient population with a minimal complication rate. However, some patients, especially those presenting with high degree of angulation, may have some mild degree of persistent angulation. We recommend clinical follow-up at 1 to 2 years postinjury for these patients, as well as those with any activity limitations or deformity noted by the parent or provider.
